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(54) IMAGE DISPLAY 

(57)Abstract 

PROBLEM TO BE SOLVED: To improve the degradation of image such as motion blur and 
so forth by restricting a display holding period as to an image display light to be converted 
to a fixed period in one field period of an image signal in synchronization with the vertical 
synchrinization of the image signal. 

SOLUTION: When a driving circuit 4 outputs a driving signal to a display element 2, the 
transmissivity of the display element 2 is changed according to the image signal by the 
driving signal. Moreover, a pulse generating circuit 5 generates shutter control pulses 
synchronized with the vertical synchrinization of the image signal by an inputted 
synchronizing signal to output them to a shutter 3, which controls the transmission of a 
display light by the shutter control pulses from the pulse generating circuit 5. Thus, an 
image display light to be displayed to an observer is restricted only in times of 50% or 25% 
of later halves in respective field periods T by using the shutter control pulses. 
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A. Relevance of the Above-identified Document 

The following is a partial English translation of 
exemplary portions of non-English language information 
that may be relevant to the issue of patentability of the 
claims of the present application. 

B. Translation of the Relevant Passages of the Document 

See also the attached English Abstract. 

[EMBODIMENTS] 
[0034] 

With reference to Figs. 3 through 7, described next is 
deterioration of display quality in hold-type display, and a 
principle of improving display quality according to the 
present invention. 

[0035] 

Fig. 3(a) is a view illustrating exemplary time 
response of display light in a conventional CRT display 
device. Fig. 3(b) is a view illustrating exemplary time 
response of display light in hold-type display using 
conventional TFT liquid crystals. Figs. 3(a) and 3(b) 
illustrate responses of pixels in a screen. On a timescale, 
responses within two to three fields are illustrated. 
[0036] 
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In Fig. 3, in a left-to-right fashion, image signals Fl, 
F2, and F3 are inputted to an image display in the first 
field, in the second field, and in the third field, 
respectively. Here, assume that Fl is in a low intensity, 
F2 is in a high intensity, and F3 is in a middle intensity. 
The horizontal axes in Fig. 3, i.e., L and L\ indicate 
instant light intensities. Although the intensities L and L' 
are physically the same, their scales are not necessarily 
the same. 

[0037] 

In Fig. 3(a), solid lines represent responses of the 
CRT performing desirable operations. In the CRT, pixels 
instantly emit light only once in one field so that electron 
beam scanning is performed. That is, the display light is 
impulsive. 

[0038] 

In the actual CRT, due to persistence of a fluorescent 
material, light emission is gradually decayed as broken 
lines represent in Fig. 3(a). However, since the decay time 
of the fluorescent material used for television is 
significantly short in one field period (16.7 msec), the 
light emission can be regard as impulsive emission. That 
is, an impulsive response of the display light in response 
to an inputted image signal is substantially impulsive in 
the CRT display device. 
[0039] 
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On the other hand, in the hold-type display, a 
response to the same image signal is represented as in Fig. 
3(b). That is, display elements themselves have a memory 
function, and hold inputted image information in one field 
period. 

[0040] 

As to transmissive display elements, a same 
transmittance is held to specific pixels for one field period, 
so that light intensity of the display light varies in a 
step-by-step manner as the solid lines represent in Fig. 
3(b). The step-by-step response is referred to as a step 
type. The step type represents an ideal characteristic of 
the elements forming rectangular impulsive responses. 
[0041] 

Since the elements such as the TFT liquid crystals 
have decay time constant for recharging and discharging a 
signal, generally, the intensity varies as represented by an 
exponential curve of a broken line in Fig. 3(b). Such a 
response is referred to as an exponential type hereinafter. 
Thus, the hold type includes the step type and the 
exponential type. 

[0042] 

Examples of the exponential type have been 
published, for example, in "Analysis of Transient Optical 
Response of Active Matrix Liquid Crystal Displays" (M. 
Hach, et. Al., AMLCD conference 1994). 
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[0043] 

Fig. 4 illustrates a temporal frequency characteristic 
of Fourier-transformed impulse response in the 
impulse-type display and step-type display illustrated in 
Fig. 3. As is well known, the impulse type has a flat 
characteristic. 

[0044] 

On the other hand, the step type has a low pass 
characteristic, which is expressed by sin (jif/60) / (7rf/60) , 
where f is a temporal frequency. Due to the low pass 
characteristic, motion blur occurs in motion image display 
in the step type. 

[0045] 

Fig. 5 shows temporal frequency spectrums when an 
image having parallel motion in a horizontal direction at a 
constant speed is displayed on an image display having 
the step-type characteristic. A television image has 
various motions such as deformation, scaling up, scaling 
down, rotation, or the like. 
[0046] 

However, considering a short time period, i.e., about 
one field period with respect to a local one portion of a 
screen, movement of the image can be regarded as 
substantially parallel motion. In Fig. 5, the horizontal axis 
indicates a temporal frequency f, and the vertical axis 
indicates a horizontal temporal frequency \i. When an 
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object in the image moves in parallel in the vertical 
direction, a spectrum is on a linear line expressed by 

Vx|i/^s + f/60 = 0. 
The spectrum of such an image is described in 
"Multidimensional signal processing of TV image" (written 
by Fukinuki, Nikkann Kogyo Shinbun, P. 22. In the above 
equation, Vx is a horizontal movement speed expressed by 
a number of pixels per field. As illustrated in Fig. 5, as 
the horizontal movement speed is faster, the gradient of a 
linear line indicating a position in the spectrum becomes 
closer to the horizontal. Here, illustrated examples are a 
case where the horizontal movement speed Vx is -1, and a 
case where the horizontal movement Vx is -2. 
[0047] 

Further, [is is a spatial sampling frequency, which is 
expressed by a reciprocal number of an interval of the 
pixels. It is preferable that a resolution of the display 
represent a flat characteristic up to ^is/2 with respect to 
the horizontal spatial frequency jj,. When the characteristic 
is deteriorated at yxs/2 or smaller, motion blur occurs in 
the display image. 

[0048] 

Next, when an observer's eyes track the display 
image moving in parallel, the position of the image on the 
eye's retina is spatially fixed. Thus, a space-time 
conversion occurs on the retina, which is expressed by 
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X' = x - Vx-t. 
[0049] 

Thus, along the paths indicated by broken-line 
arrows in Fig. 5, the time characteristic of the image 
display are converted to the spatial characteristic. That is, 
deterioration of the temporal frequency characteristic is 
results in deterioration of a spatial frequency 
characteristic. 

[0050] 

Thus, when the temporal frequency characteristic of 
the image display is deteriorated as shown by the 
step-type characteristic in Fig. 4, the deterioration is 
results in the deterioration of the spatial frequency. Then, 
blurred image is perceived by the observer. As is clearly 
shown in Fig. 5, the faster the speed is, the larger the blur 
becomes. 

[0051] 

In this manner, when the temporal frequency 
characteristic of the image display is not flat, 
deterioration of display quality, such as motion blur 
largely, occurs in motion image display. As to the image 
display having the exponential type characteristic, 
deterioration of the temporal frequency characteristic is 
more significant than that of the step type. Accordingly, 
deterioration of display quality becomes more significant 
in the image display having the exponential type 
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characteristic. 

[0052] 

As described above, in the hold-type display, the 
impulse response of the image display light is long. 
Therefore, the temporal frequency characteristic is 
deteriorated so that deterioration of display quality is 
caused. Thus, the deterioration is improved by reducing 
the length of the impulse response of the image display 
light. 
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